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Climate Change and 
Water Resources

Lettenmaier and Burges (1979), 
Lettenmaier and Sheer (1991)

Research Contract with IWR to look at 
5 river basins, of various sizes and 
uses, to determine potential impacts of 
climate change on Corps’ missions.

Green River, Missouri River, 
Boston Water Supply, 
ACF, Savannah River 





Climate Impacts Group – NOAA RISA

• Edward Miles, National Academy Member

• Phil Mote

• Nathan Mantua

• Dennis Lettenmaier

• Alan Hamlet

JISAO 

Department of Civil & Environ. Engineering

• Andrew Wood

Atmospheric Sciences

Institutional Resources



General Approach to Evaluating 
Impacts of Climate Change

Climate change impacts on water 
resources are recognized as 
extremely important. 
An understanding of hydrology 
and water resources management 
is essential
An integrated approach, across 
sectors is needed
Apply best science available



Impact Assessment Method
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Pacific Northwest Studies

Columbia River Basin
Seattle Water Supply
Portland Water Supply
Salmon Recovery in the Snohomish



3.6°F
2.7°F
1.8°F
0.9°F

cooler warmer

Temperature trends (°F per century) since 1920

PNW warmed 
+1.5 F during 
the 20th century



Mote P.W.,Hamlet A.F., Clark M.P., Lettenmaier D.P., 2005, Declining mountain snowpack in 
western North America, BAMS, 86 (1): 39-49 

Trends in April 1 SWE 1950-1997



2040s WATER NEEDS IN
PORTLAND (OR):

Regional growth: +40 mgd
Climate change:  +20 mgd

Climate change impacts = 
50% of growth impacts

Portland Water Supply Climate 
Change Study

Climate change 
impacts on water 

demand
18%

Climate change 
impacts on water 

supply
16%

Impact of population 
growth on demand 

(no climate change)
66%

Average Monthly Bull Run Inflows
1950-1999
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2040s Climate Impacts
SEATTLE (WA):

Decreasing Snowpack: -50%
Loss of Gross Yield: ≈ 20 mgd

System water demand has decreased!

Seattle Climate Change Study

Average Annual System Wide Snow Storage
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Climate Impacts: Low Flow

Minimum spawning flow- lowest instantaneous flow between Sept. 15th and Nov. 15th

GFDL

Hadley

2025 2050

Average reductions in minimum spawning flows 15-22%



Some Other Study Areas

Columbia River Basin
• Primary Focus of CIG

Continental Scale Basin

Sacramento-San Joaquin 
Colorado River
Rio Grande
ACT/AFT
Others local, national, and international



Willamette River
Operations Study

Eric Hagen
OR WRD



Climate Change Building Blocks
Goal – to develop a regional consensus among 

water resources professionals in the Puget 
Sound area concerning the impacts of 
climate change.

Part of an on-going Tri-County effort in water 
resources planning (King, Pierce, and 
Snohomish Counties)

Significant challenge in arriving at consensus



Building Blocks Document

As with other science, our 
understanding will improve 
with time
Uncertainties exist, but much 
in known

(Source: 
http://agexted.cas.psu.edu/FCS/mk/imag
es/BuildingBlocks.jpg)



Building Blocks

Areas of interest
Global trends 
National trends 
Pacific Northwest trends
Puget Sound Region

(Source: http://www.afsc.org/locations/us/images/pacificNW.gif)



Impacts of Climate Change

Impacts organized 
into six areas:
Temperature
Precipitation
Snowpack and 
Glaciers
Streamflows
Sea Level Rise
Salmonid Habitat

(Image courtesy AIRS Science Team, NASA/JPL)) 

(Source: IPCC Third Assessment Report)

http://www.jpl.nasa.gov/airs/


Building Block 1
The global average temperature has increased 
during the 20th century and is forecasted to 
increase in the 21st century.

• “[T]he globally averaged surface temperatures have 
increased by 0.6 ± 0.2°C over the 20th century” (IPCC, 
2001)



Building Block 6
The loss of snowpack and glaciers in the 
Pacific Northwest mountains has been due to 
increased temperatures in the 20th century.

1928
South Cascade 

Glacier, 
Washington

1979
South Cascade 

Glacier, 
Washington

Copyright 2006 National Academy of Sciences.

2003
South Cascade 

Glacier, 
Washington



Building Block 8
Climate change is projected to increase 
winter flows and decrease summer flows 
in snowmelt influenced river systems of 
the Pacific Northwest, particularly 
transient watersheds.

• “Available evidence suggests that 
global warming may lead to 
substantial changes in mean annual 
streamflows, seasonal distributions 
of flows, and the probabilities of 
extreme high or low-flow 
conditions.” (IPCC, 2001)



Building Block 10

Climate change is 
projected to increase 
the frequency of 
drought events in the 
Pacific Northwest.

“A change in mean flow or in variability could cause the 
physical infrastructure to be inadequate for the intended 
purposes or increase the risk of failure of the water resource 
system under extremes of drought or flood. In large water 
systems, such risks are buffered by robustness and resilience 
in the design of the system; smaller systems may be more 
vulnerable under climate scenarios beyond those considered 
in their design.” (IPCC, 2001)

(Source: 
www.ecy.wa.gov/programs/wr/drought/2005/images/
photo/pic_lkroosevelt1.jpg&imgrefurl)

http://www.ecy.wa.gov/programs/wr/drought/2005/images/photo/pic_lkroosevelt1.jpg&imgrefurl
http://www.ecy.wa.gov/programs/wr/drought/2005/images/photo/pic_lkroosevelt1.jpg&imgrefurl
http://www.ecy.wa.gov/programs/wr/drought/2005/images/photo/pic_lkroosevelt1.jpg&imgrefurl


Building Block 12
Climate change is forecasted to increase 
temperatures of rivers, streams, lakes, and 
river mouth estuaries in the Puget Sound 
region. “Looking toward the future, 

global warming is almost 
certain to lead to additional 
[warming] of the surface 
waters of Puget Sound and its 
tributary rivers as a result of 
the projected increases in 
regional temperatures and 
decreases in summer stream 
flow.” (Snover, A. K., P. W. 
Mote, L. Whitely Binder, A.F. 
Hamlet, and N. J. Mantua. 
2005.)

(Source: http://www.veriscope.com/images/salmon-river-chinook-and-st.jpg)



http://www.time.com/time/magazine/0,9263,7601060403,00.html


"I say the debate is over.  
We know the science. 

We see the threat. 
And we know the time for action is now." 
Governor Arnold Schwarzenegger, June 1, 2005



Conclusions
Research on climate change 
indicates significant impacts

Outstanding regional expertise 
in evaluating climate change

Strategic Planning requires the 
“long view” 

Developing regret resistant 
alternatives is possible
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